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$\{\begin{array}{l}\frac{\partial z_{1}}{\partial t}(t, x)=\frac{\partial^{2}z_{1}}{\partial x^{2}}(t, x)-\alpha\frac{\partial z_{1}}{\partial x}(t, x)-a_{1}z_{1}(t, x),\frac{\partial z_{2}}{\partial t}(t, x)=\frac{\partial^{2}z_{2}}{\partial x^{2}}(t, x)-\alpha\frac{\partial z_{2}}{\partial x}(t, x)+a_{2}z_{1}(t, x), (t, x)\in(0, \infty)\cross(0,1)-\frac{\partial z_{1}}{\partial x}(t, 0)=u(t), \frac{\partial z_{1}}{\partial x}(t, 1)=0, \frac{\partial z_{2}}{\partial x}(t, 0)=\frac{\partial z_{2}}{\partialx}(t, 1)=0, t>0z_{1}(0, x)=z_{10}(x), z_{2}(0, x)=z_{20}(x), X\in[0,1]\end{array}$ (1 )
,
$y(t)=[y_{1}(t), y_{2}(t)]^{T}=[ \int_{0}^{1}c_{1}(x)z_{1}(t, x)dx,$ $\int_{0}^{1}c_{2}(x)z_{2}(t, x)dx]^{T}$ (2)
. , $\alpha,$ $a_{1},$ $a_{2}$ , $(x)(i=1,2)$ .
$u(t)\in R$ , $y(t)\in R^{2}$ . $\mathcal{L}$
$\mathcal{L}\varphi=-\frac{d^{2}\varphi}{dx^{2}}+\alpha\frac{d\varphi}{dx}+a_{1}\varphi$ , $x\in(0,1)$
, (1), (2) .
$\{\begin{array}{l}\frac{\partial z_{1}}{\partial t}(t, x)=-\mathcal{L}z_{1}(t, x),\frac{\partial z_{2}}{\partial t}(t, x)=-\mathcal{L}z_{2}(t, x)+a_{1}z_{2}(t, x)+a_{2}z_{1}(t, x), (t, x)\in(0, \infty)\cross(0,1)\frac{\partial z_{1}}{\partial n}(t,\xi)=g(\xi)u(t), \frac{\partial z_{2}}{\partial n}(t, \xi)=0, (t, \xi)\in(0, \infty)\cross\{0,1\}z_{1}(0, x)=z_{10}(x), z_{2}(0, x)=z_{20}(x), x\in[0,1]y(t)=[y_{1}(t), y_{2}(t)]^{T}=[\int_{0}^{1}c_{1}(x)z_{1}(t, x)dx, \int_{0}^{1}c_{2}(x)z_{2}(t, x)dx]^{T}\end{array}$ (3)
$\partial/\partial n$ $\xi\in\{0,1\}$ , $g$ : $\{0,1\}arrow R$
$g(\xi)=\{\begin{array}{l}1, if \xi=00, if \xi=1\end{array}$
. $A_{1}$
$D(A_{1})=\{\varphi\in H^{2}(0,1);\varphi’(0)=\varphi’(1)=0\}$
$A_{1}\varphi=\mathcal{L}\varphi$ , $\varphi\in D(A_{1})$ (4)
. , $A_{1}$ Sturm-Liouville .
$(A_{1} \varphi)(x)=\frac{1}{w(x)}(-\frac{d}{dx}(p(x)\frac{d\varphi(x)}{dx})+q(x)\varphi(x))$ (5)
$w(x)=p(x)=e^{-\alpha x}$ , $q(x)=a_{1}e^{-\alpha x}$




$\{\varphi, \psi\}_{\alpha}=\int_{0}^{1}\varphi(x)\psi(x)e^{-\alpha x}dx$ for $\varphi,$ $\psi\in L_{\alpha}^{2}(0,1)$
$L^{2}$- $L_{\alpha}^{2}(0,1)$ . , $L_{\alpha}^{2}(0,1)$
$L^{2}(0,1)$ , . $A_{1}$ $L^{2}(0,1)$
, $A_{1}$ $L_{\alpha}^{2}(0,1)$ , $\{\lambda_{i}, \varphi_{i}\}_{i=0}^{\infty}$
, $\{\varphi_{i}\}_{i=0}^{\infty}$ $L_{\alpha}^{2}(0,1)$ . , $f\in L_{\alpha}^{2}(0,1)$
.
$f= \sum_{1=0}^{\infty}\{f,$ $\varphi_{i}\rangle_{\alpha}\varphi_{i}$
$A_{1}$ $L_{\alpha}^{2}(0,1)$ , .
$\{\begin{array}{l}\lambda_{0}=a_{1}, \varphi_{0}(x)\equiv\nu_{0}\lambda_{i}=i^{2}\pi^{2}+\frac{\alpha^{2}}{4}+a_{1}, \varphi_{i}(x)=\nu_{i}(e^{\frac{\alpha}{2}x}\cos i^{\alpha}\pi x-\frac{\alpha}{2i\pi}e^{\tau^{x}}\sin i\pi x), i\geq 1\end{array}$ (6)
$\nu_{0}:=\sqrt{\frac{\alpha}{1-e^{-\alpha}}}$ , $\nu_{i};=\sqrt{\frac{2}{1+\overline{4i}\pi\varpi\alpha^{2}}}$ , $i\geq 1$
, (3) zio, $z_{20}$ $L_{\alpha}^{2}(0,1)(=L^{2}(0,1))$
.
,
$x_{1}(t)=A_{1}^{-\frac{1}{4}-\epsilon}z_{1}(t, \cdot)$ , $x_{2}(t)=A_{1}^{-\frac{1}{4}-\epsilon}z_{2}(t, \cdot)$ (7)
. $0< \epsilon<\frac{1}{4}$ ( $e.g$ . [7]). $H^{2}(0,1)\subset D(A^{\frac{3}{14}-\epsilon})$
, (3) .
$\{\begin{array}{l}\frac{dx_{1}(t)}{dt}=-A_{1}x_{1}(t)+A_{1}^{3}z^{-\epsilon}\psi u(t), x_{1}(0)=A_{1}^{-\tau^{-\epsilon_{Z_{10}}}}1=:x_{10}\frac{dx_{2}(t)}{dt}=(-A_{1}+a_{1})x_{2}(t)+a_{2}x_{1}(t), x_{2}(0)=A_{1}^{-z^{-\epsilon_{Z_{20}}}}1=:x_{20}y(t)=[y_{1}(t), y_{2}(t)]^{T}=[\langle e^{\alpha(\cdot)}c_{1}, A_{1}^{4}x_{1}(t))_{\alpha}\iota_{+\epsilon}, \langle e^{\alpha(\cdot)}c_{2}, A_{1}^{I^{+\epsilon}}x_{2}(t)\rangle_{\alpha}]^{T}1\end{array}$ (8)
$\psi\in H^{2}(0,1)$
$\mathcal{L}\psi=0$ $in$ (0,1), $\frac{\partial\psi}{\partial n}=g$ $on$ {0,1} (9)
, .
$\psi(x)=-\frac{\alpha-\sqrt{D}}{2a_{1}(e^{\sqrt{D}}-1)}e^{\frac{\alpha+\sqrt{D}}{2}x}+\frac{(\alpha+\sqrt{D})e^{\sqrt{D}}}{2a_{1}(e^{\sqrt{D}}-1)}e^{\frac{a-\sqrt{D}}{2}x}$ , $D:=\alpha^{2}+4a_{1}$
$B_{1}$ : $Rarrow L_{\alpha}^{2}(0,1),$ $C_{1}$ : $L_{\alpha}^{2}(0,1)arrow R$ $C_{2}$ : $L_{\alpha}^{2}(0,1)arrow R$
$B_{1}v=A_{1^{-\epsilon}}^{4}\psi v\S$ , $v\in R$
$C_{1}\varphi=\{e^{\alpha(\cdot)}c_{1}, \varphi\}_{\alpha}$ , $C_{2}\varphi=\{e^{\alpha(\cdot)}c_{2},$ $\varphi\rangle_{\alpha}$ , $\varphi\in L_{\alpha}^{2}(0,1)$
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, (8) .
$\{\begin{array}{l}\frac{dx_{1}(t)}{dt}=-A_{1}x_{1}(t)+B_{1}u(t), x_{1}(0)=x_{10}\frac{dx_{2}(t)}{dt}=(-A_{1}+a_{1})x_{2}(t)+a_{2}x_{1}(t), x_{2}(0)=x_{20}y(t)=[y_{1}(t), y_{2}(t)]^{T}=[C_{1}A_{1}^{\gamma}x_{1}(t), C_{2}A_{1}^{\gamma}x_{2}(t)]^{T}\end{array}$ (10)
$\gamma:=\frac{1}{4}+\epsilon\in(\frac{1}{4}, \frac{1}{2})$ .
2.2
$A$ , $[L_{\alpha}^{2}(0,1)]^{2}$ growth bound
$C0$- $e^{tA}$ .
$A\{\begin{array}{l}f_{1}f_{2}\end{array}\}=\{\begin{array}{ll}-A_{1} 0a_{2} -A_{1}+a_{1}\end{array}\}\{\begin{array}{l}f_{1}f_{2}\end{array}\}=\{\begin{array}{l}-A_{1}f_{1}(-A_{1}+a_{1})f_{2}+a_{2}f_{1}\end{array}\}$ (11)
$D(A)=\{\{\begin{array}{l}f_{1}f_{2}\end{array}\}\in[H^{2}(0,1)]^{2};f_{1}’(0)=f_{1}’(1)=0,$ $f_{2}’(0)=f_{2}’(1)=0\}$




(10) , $P_{k}f= \sum_{i=0}^{k}\langle f,$ $\varphi_{i}\rangle_{\alpha}\varphi_{i}$
. , $\kappa$ , $-\lambda_{l+1}+a_{1}<-\kappa$
$l(l\geq 0)$ . , $n$ $n>l$ .
$P_{n}(n>l)$ , $x_{1}(t)$ $x_{2}(t)$ .
$x_{1}(t)=X_{1,1}(t)+x_{1,2}(t)+x_{1,3}(t))$ $x_{2}(t)=x_{2,1}(t)+x_{2,2}(t)+x_{2,3}(t)$
$x_{i,1}(t):=P_{l}x_{i}(t)$ , $x_{i,2}(t):=(P_{n}-P|)x_{i}(t)$ , $x_{i,3}(t):=(I-P_{n})x_{i}(t)$ $(i=1,2)$
, $L_{\alpha}^{2}(0,1)$ .
$L_{\alpha}^{2}(0,1)=P_{l}L_{\alpha}^{2}(0,1)\oplus(P_{n}-P_{l})L_{\alpha}^{2}(0,1)\oplus(I-P_{n})L_{\alpha}^{2}(0,1)$
, $\dim P_{l}L_{\alpha}^{2}(0,1)=l+1,$ $\dim(P_{n}-P_{l})L_{\alpha}^{2}(0,1)=n-l,$ $\dim(I-$
$P_{n})L_{\alpha}^{2}(0,1)=\infty$ . , (10) .
123
$\{\begin{array}{l}\frac{dx_{1,1}(t)}{dt}=-A_{1,1}x_{1,1}(t)+B_{1,1}u(t), x_{1,1}(0)=x_{10}^{1}\frac{dx_{1,2}(t)}{dt}=-A_{1,2}x_{1,2}(t)+B_{1,2}u(t), x_{1,2}(0)=x_{10}^{2}\frac{dx_{1,3}(t)}{dt}=-A_{1,3}x_{1,3}(t)+B_{1,3}u(t), x_{1,3}(0)=x_{10}^{3}\frac{dx_{2,1}(t)}{dt}=(-A_{1,1}+a_{1})x_{2,1}(t)+a_{2}x_{1,1}(t), x_{2,1}(0)=x_{20}^{1}\frac{dx_{2,2}(t)}{dt}=(-A_{1,2}+a_{1})x_{2,2}(t)+a_{2}x_{1,2}(t), x_{2,2}(0)=x_{20}^{2}\frac{dx_{2,3}(t)}{dt}=(-A_{1.3}+a_{1})x_{2,3}(t)+a_{2}x_{1,3}(t), x_{2,3}(0)=x_{20}^{3}y(t)=[c_{2,1}^{1,1}A_{1,1}^{\gamma}x_{2,1}(t)+C_{2,2}A_{1,2}^{\gamma}x_{2,2}(t)CA_{1,1}^{\gamma}x_{1,1}(t)+C_{1,2}A_{1,2}^{\gamma}x_{1,2}(t)I_{C_{2,3}A_{1.3}^{\gamma}x_{2,3}(t)}C_{1,3}A_{1,3}^{\gamma}x_{1,3}(t)]\end{array}$ (12)
$A_{1,1}:=P_{i}A_{i}P_{i}$ , $A_{1,2}:=(P_{n}-P_{l})A_{1}(P_{n}-$ $)$ , $A_{1,3}$ $:=(I-P_{n})A_{1}(I-P_{n})$
$B_{1,1}:=P_{l}B_{1}$ , $B_{1,2}:=(P_{n}-P_{l})B_{1}$ , $B_{1,3}:=(I-P_{n})B_{1}$
$C_{1,1}:=C_{1}P_{l}$ , $C_{1,2}:=C_{1}(P_{n}-P_{l})$ , $C_{1,3}:=C_{1}(I-P_{n})$
$C_{2,1}$ $:=C_{2}P_{l}$ , $C_{2,2}:=C_{2}(P_{n}-P_{l})$ , $C_{2,3}:=C_{2}(I-P_{n})$
$x_{10}^{1}:=P_{l}x_{10}$ , $x_{10}^{2}:=(P_{n}-P_{l})x_{10}$ , $x_{10}^{3}:=(I-P_{n})x_{10}$
$x_{20}^{1}:=P_{l}x_{20}$ , $x_{20}^{2}:=(P_{n}-P_{l})x_{20}$ , $x_{20}^{3}:=(I-P_{n})x_{20}$
, $A_{1,3},$ $A_{1,3}^{\gamma}$ , .
, $P_{l}L_{\alpha}^{2}(0,1)$ $\{\varphi_{0},$ $\varphi_{1},$ $\ldots,$ $\varphi_{l}\}$
$R^{\mathfrak{l}+1}$ . , $P_{l}L_{\alpha}^{2}(0,1)$ $(l+1)$ ,
$A_{1,1},$ $B_{1,1)}C_{1},{}_{1}C_{2,1}$ . , $(P_{n}-P_{l})L_{\alpha}^{2}(0,1)$
$(n-l)$ , $A_{1,2},$ $B_{1,2},$ $C_{1,2},$ $C_{2_{1}2}$
.
(12) 1 4 , 2 5 , 3 6
, .
$\{\begin{array}{l}\frac{\Gamma x_{1}(t)}{dt}=\overline{A}_{1}\overline{x}_{1}(t)+\overline{B}_{1}u(t), \overline{x}_{1}(0)=\overline{x}_{10}\frac{(\Gamma x_{2}(t)}{dt}=\overline{A}_{2}\overline{x}_{2}(t)+\overline{B}_{2}u(t), \overline{x}_{2}(0)=\overline{x}_{20}\frac{d\overline{x}_{3}(t)}{dt}=\overline{A}_{3}\overline{x}_{3}(t)+\overline{B}_{3}u(t), \overline{x}_{3}(0)=\overline{x}_{30}y(t)=\tilde{C}_{1}\overline{x}_{1}(t)+\tilde{C}_{2}\overline{x}_{2}(t)+\tilde{C}_{3}\overline{x}_{3}(t)\end{array}$ (13)
$\overline{x}_{1}(t);=$ $[x_{1,1\{}x_{2,1}t)t)$ $]$ , $\overline{X}_{10}$ $=$ $\{\begin{array}{l}X_{10}^{1}x_{20}^{1}\end{array}\}$ $\in R^{2(l+1)}$




$\overline{A}_{1}:=\{\begin{array}{ll}-A_{1,l} 0a_{2}I_{l+1} -A_{1,1}+a_{1}I_{l+1}\end{array}\}$ , $\overline{B}_{1}:=\{\begin{array}{l}B_{1,1}0\end{array}\}$ , $\tilde{C}_{1};=\{\begin{array}{ll}C_{1,1}A_{1,1}^{\gamma} 00 C_{2,1}A_{1,1}^{\gamma}\end{array}\}$
$\overline{A}_{2};=\{\begin{array}{ll}-A_{1,2} 0a_{2}I_{n-l} -A_{1,2}+a_{1}I_{n-l}\end{array}\}$ , $\overline{B}_{2}:=\{\begin{array}{l}B_{1,2}0\end{array}\}$ , $\tilde{C}_{2}:=\{\begin{array}{ll}C_{1,2}A_{1,2}^{\gamma} 00 C_{2,2}A_{1,2}^{\gamma}\end{array}\}$





3.1 $(\overline{A}_{1},\overline{B}_{1})$ , $(\tilde{C}_{1}, \overline{A}_{1})$ .




$\{\begin{array}{ll}\frac{dw_{1}(t)}{dt}=(\overline{A}_{1}-G_{1}\tilde{C}_{1})w_{1}(t)+G_{1}y(t)+\overline{B}_{1}u(t), w_{1}(0)=w_{10}u(t)=-F_{1}w_{1}(t) \end{array}$ (15)
(15) (14) ,
(10) . , RMF
$\{\begin{array}{ll}\frac{dw_{2}(t)}{dt}=\overline{A}_{2}w_{2}(t)+\overline{B}_{2}u(t), w_{2}(0)=w_{20}\hat{y}_{2}(t)=\tilde{C}_{2}w_{2}(t) \end{array}$




31 $\kappa$ , $l(l\geq 0)$ $\lambda$ l $+$ l $+$ al $<-\kappa$
. , 3.1 . , $n$ $n>l$
. , (16) (17) , $n$
, (10) . ,
$C_{0}$- growth bound l , $narrow\infty$ $\kappa$ .
3.3 3.1
3.1 ([11, Lemma 4.1]) $A_{11}$ $X_{1}$ $C_{0}$- $S_{1}(t)$ ,
$A_{22}$ $X_{2}$ $C_{0}$- $S_{2}(t)$ . $C_{0}$-
$\Vert S_{1}(t)\Vert_{\mathcal{L}(X_{1})}\leq M_{1}e^{\omega t}1$ , $\Vert S_{2}(t)\Vert_{\mathcal{L}(X_{2})}\leq M_{2}e^{\omega t}2$ , $t\geq 0$ , $\omega_{1}\neq\omega_{2}$
, $A_{12}:X_{2}arrow X_{1}$ $A_{21}:X_{1}arrow X_{2}$ .
, $\{\begin{array}{ll}A_{11} 0A_{21} A_{22}\end{array}\}$ $X_{1}\cross X_{2}$ $C_{0}$- $\overline{S}_{21}(t)$
$\{\begin{array}{ll}A_{11} A_{12}0 A_{22}\end{array}\}$ $X_{1}\cross X_{2}$ $Q$- $\overline{S}_{12}(t)$ ,
.
$\Vert\overline{S}_{21}(t)\Vert_{\mathcal{L}(X_{1}\cross X_{2})}\leq\max(M_{1}, M_{2})(1+\frac{\max(M_{1},M_{2})\Vert A_{21}\Vert_{\mathcal{L}(x_{1},x_{2})}}{|\omega_{1}-\omega_{2}|})e^{\max(\omega 1,\omega)t}2$, $t\geq 0$
$\Vert\overline{S}_{12}(t)\Vert_{\mathcal{L}(X_{1}xX_{2})}\leq\max(M_{1}, M_{2})(1+\frac{\max(M_{1},M_{2})\Vert A_{12}\Vert_{\mathcal{L}(X_{2},X_{1})}}{|\omega_{1}-\omega_{2}|})e^{ma)(\omega 1\omega 2)t}$ , $t\geq 0$
3.1 $[$5, Lemma 3.2.2$]$ .
$e_{1}(t):=\overline{x}_{1}(t)-w_{1}(t),$ $e_{2}(t):=\overline{x}_{2}(t)-w_{2}(t)$ ,




$\langle\xi,$ $\xi\rangle_{Z}=\overline{x}_{1^{X_{1}}}^{\tau\simeq}+e_{1}^{T}\tilde{e}_{1}+\overline{x}_{2^{X_{2}}}^{\tau\simeq}+e_{2}^{T}\tilde{e}_{2}+\{\overline{x}_{3},\simeq x_{3}\rangle_{\alpha}$, $\xi=\{\begin{array}{l}\overline{x}_{1}e_{1}\overline{x}_{2}e_{2}\overline{x}_{3}\end{array}\},$ $\xi=\{\begin{array}{l}\simeq x_{1}\tilde{e}_{1}\simeq x_{2}\tilde{e}_{2}\simeq x_{3}\end{array}\}\in Z$
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$Z:=R^{2(l+1)}\cross R^{2(l+1)}\cross R^{2(n-l)}\cross R^{2(n-l)}\cross[(I-P_{n})L_{\alpha}^{2}(0,1)]^{2}$
, $\mathcal{A},$ $\Delta \mathcal{A}$ .
$\mathcal{A}=[-\frac{0}{B,00}2F1$ $\overline{A}_{1}-G_{1}\tilde{C}_{1}\overline{B}_{2}F_{1}\overline{B}_{1}F_{1}00$ $\frac{0}{A,00}o_{2}$ $-G_{1} \tilde{C}_{2}\frac{0}{A,0}o_{2}$ $-G \tilde{C}_{3}\frac{0}{A}0_{3}^{1}0],$ $\Delta \mathcal{A}=\{\begin{array}{lllll}0 0 0 0 00 0 0 0 00 0 0 0 00 0 0 0 0-\overline{B}_{3}F_{1} \overline{B}_{3}F_{1} 0 0 0\end{array}\}$
, $\mathcal{A}$ $\overline{A}_{3},\tilde{C}_{3}$ , $\Delta \mathcal{A}$
. , $\mathcal{A}_{1},$ $\mathcal{A}_{2},$ $A_{21}$
$\mathcal{A}_{1}=[\overline{A}_{1}-\overline{B}_{1}F_{1}-2F1\frac{0}{B}$ $\overline{A}_{1_{\overline{B}_{2}F_{1}}^{\overline{B}_{1}F_{1}}}-G_{1}\tilde{C}_{1}$ $\frac{0}{A}o_{2}],$ $\mathcal{A}_{2}=\{\begin{array}{ll}\overline{A}_{2} 00 \overline{A}_{3}\end{array}\},$ $\mathcal{A}_{12}=\{\begin{array}{ll}0 0-G_{1}\tilde{C}_{2} -G_{1}\tilde{C}_{3}0 0\end{array}\}$
, $\mathcal{A}$ .
$\mathcal{A}=\{\begin{array}{ll}\mathcal{A}_{1} \mathcal{A}_{12}0 \mathcal{A}_{2}\end{array}\}$
, $\mathcal{A}$ $C_{0}$- , .
$=\{\begin{array}{ll}e^{tA_{1}} \Phi(t)0 e^{tA_{2}}\end{array}\}$ , $\Phi(t):=\int_{0}^{t}e^{(t-s)A_{1}}\mathcal{A}_{12}e^{sA_{2}}ds$ (19)
CO- $e^{tA}$ $e^{t\mathcal{A}_{1}},$ $e^{tA_{2}},$ $\Phi(t)$ .
, $e^{tA_{1}}$ . ,
$\exp\{t\{\begin{array}{ll}\overline{A}_{1}-\overline{B}_{1}F_{1} \overline{B}_{1}F_{1}0 \overline{A}_{1}-G_{1}\tilde{C}_{1}\end{array}\}\}$
. 3.1 $(\tilde{C}_{1}, \overline{A}_{1})$ , $G_{1}$
, $e^{t(Z_{1}-c_{1}C_{1})}$ .
$\Vert e^{t(\overline{A}_{1}-G_{1}\overline{C}_{1})}\Vert\leq M_{1}e^{-\omega t}1$ , $t\geq 0$ (20)
$M_{1}\geq 1$ $\omega_{1}>0$ $n$ , $\omega_{1}$ $\kappa$ $>-\omega_{1}>-\lambda_{l+1}+a_{1}$
. , 3.1 $(\overline{A}_{1},\overline{B}_{1})$ , $F_{1}$
, $e^{t(\overline{A}_{1}-\overline{B}_{1}F_{1})}$ .
$\Vert e^{t(\overline{A}_{1}-\overline{B}_{1}F_{1})}\Vert\leq M_{2}e^{-\kappa t}$, $t\geq 0$ (21)
$M_{2}\geq 1$ $n$ . $\Vert\overline{B}_{1}F_{1}||\leq\Vert B_{1}\Vert\Vert F_{1}\Vert$ ,
3.1 $(20),$ (21)
$\Vert\exp\{t\{\begin{array}{ll}\overline{A}_{1}-\overline{B}_{1}F_{1} \overline{B}_{1}F_{1}0 \overline{A}_{l}-G_{1}\tilde{C}_{1}\end{array}\}\}\Vert\leq Me^{-\kappa t}$, $t\geq 0$ (22)
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. , $M$





$\Vert e^{t\overline{A}_{2}}\Vert\leq(1+\frac{a_{2}}{a_{1}})e^{(-\lambda_{t+1}+a_{1})t}$ , $t\geq 0$ (23)
$\Vert e^{-tA_{1,2}}\Vert=e^{-\lambda_{l+1}t}$ , $\Vert e^{t(al_{n-1})}-A_{1,2+1}\Vert=e^{(-\lambda_{l+1}+a_{1})t}$ , $\Vert a_{2}I_{n-l}\Vert=a_{2}$
. $\Vert[-\overline{B}_{2}F_{1}$ $\overline{B}_{2}F_{1}]\Vert\leq 2\Vert\overline{B}_{2}F_{1}\Vert\leq 2||B_{1}||\Vert F_{1}||$ , 31
(22), (23)
$\Vert e^{tA_{1}}\Vert\leq M’e^{-\kappa t}$ , $t\geq 0$ (24)
. , $M’$
$M’= \max(M,$ $1+ \frac{a_{2}}{a_{1}})(1+\frac{2\max(M,1+_{a}a_{1}z)\Vert B_{1}\Vert\Vert F_{1}\Vert}{\lambda_{l+1}-a_{1}-\kappa})(\geq 1)$
, $n$ .
, $\mathcal{A}_{2}=[\overline{A_{2}0}$ $\frac{0}{A}3]$ $C_{0^{-}}$ $e^{t\mathcal{A}_{2}}=\{\begin{array}{ll}e^{t\overline{A}_{2}} 00 e^{t\overline{A}_{3}}\end{array}\}$
.
$\Vert e^{tA_{2}}\Vert\leq(1+\frac{a_{2}}{a_{1}})e^{(-\lambda_{l+1}+a_{1})t}$ , $t\geq 0$ (25)
, .
$\Vert e^{t\overline{A}_{2}}\Vert\leq(1+\frac{a_{2}}{a_{1}})e^{(-\lambda_{l+1}+a_{1})t}$ , $\Vert e^{t\overline{A}_{3}}\Vert\leq(1+\frac{a_{2}}{a_{1}})e^{(-\lambda_{\hslash+1}+a)t}1$ , $t\geq 0$
,
$\Phi(t)=\int_{0}^{t}e^{(t-s)A_{1}}\mathcal{A}_{12}e^{sA_{2}}ds$
. , $e^{(t-s)A_{1}}\mathcal{A}_{12}e^{sA_{2}}$ $\langle$ .
$e^{(t-s)A_{1}}\mathcal{A}_{12}e^{sA_{2}}=e^{(t-s)A_{1}}\{\begin{array}{ll}0 0-G_{1} -G_{1}0 0\end{array}\}\{\begin{array}{ll}\tilde{C}_{2}e^{s\overline{A}_{2}} 00 \tilde{C}_{3}e^{sZ_{S}}\end{array}\}$ (26)
, $e^{sZ_{2}}$
$e^{s\overline{A}_{2}}=\{\begin{array}{lll}e^{-sA_{1,2}} 0\Delta a_{1}a(e^{\delta(-A_{1.2+a1})}- e^{-sA_{1.2}}) e^{\iota(-A_{1,2}+a_{1})}\end{array}\}$ (27)
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, Co- $e^{s\overline{A}_{3}}$
$e^{s\overline{A}_{3}}=\{\begin{array}{lll}e^{-sA_{1,3}} 0\frac{a}{a}a1(e^{s(-A_{1,3}+a)}1- e^{-sA_{1,3}}) e^{s(-A_{1,3}+a1)}\end{array}\}$ (28)
. (27), (28) , (26) .
$e^{(t-s)\mathcal{A}_{1}}\mathcal{A}_{12}e^{sA_{2}}=e^{(t-s)A_{1}}\{\begin{array}{ll}0 0-G_{1} -G_{1}0 0\end{array}\}\{\begin{array}{llll}C_{1,2} 0 0 00 C_{2_{2}2} 0 00 0 C_{1,3} 00 0 0 C_{2,3}\end{array}\}U_{\gamma}(s)$ (29)
$U_{\gamma}(s):=[ \frac{a}{a}201A_{1,2}^{\gamma}e_{0}^{-sA_{1,2}}$ $A_{1,2}^{\gamma}e^{s(\frac{0}{00}A_{1,2}+a_{1})}$ (30)
$\frac{a}{a}a1(A_{1,3}^{\gamma}e^{s(-A_{1,3}+a_{1})}-A_{1,3}^{\gamma}e^{-sA_{1,3}})A_{1,3}^{\gamma}e^{-sA_{1,3}}00$ $A_{1,3}^{\gamma}e^{s(-A_{1,3}+a1)}000]$




, $\Vert U_{\gamma}(s)\Vert=\Vert V_{\gamma}(s)\Vert$ . ,
$W_{\gamma}(s):=\{\begin{array}{ll}A_{1,2}^{\gamma}e^{-sA_{1,2}} 00 A_{1,3}^{\gamma}e^{-sA_{1,3}}\end{array}\}$
, $V_{\gamma}(s)$ .
$V_{\gamma}(s)=\{\begin{array}{lll}W_{\gamma}(s) 0\Delta a_{1}a(e^{a_{1}s}W_{\gamma}(s)- W_{\gamma}(s)) e^{a_{1}s}W_{\gamma}(s)\end{array}\}$
$\Vert W_{\gamma}(s)\Vert\leq\{\lambda_{l+1}^{\gamma}+s^{-\gamma}\}e^{-\lambda_{l+1^{S}}}$ , $s>0$ (32)
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, $U_{\gamma}(s)$ .
$\Vert U_{\gamma}(s)\Vert=\Vert V_{\gamma}(s)\Vert\leq\Vert W_{\gamma}(s)\Vert+\Vert e^{as}1W_{\gamma}(s)\Vert+\Vert\frac{a_{2}}{a_{1}}(e^{a}1^{S}W_{\gamma}(s)-W_{\gamma}(s))\Vert$
$\leq(2+\frac{2a_{2}}{a_{1}})\{\lambda_{l+1}^{\gamma}+s^{-\gamma}\}e^{(-\lambda_{l+1}+a_{1})s}$ , $s>0$ (33)
, (24), (29) (33) , $\Phi(t)$ .
$\Vert\Phi(t)\Vert\leq\int_{0}^{t}\Vert e^{(t-s)A_{1}}\mathcal{A}_{12}e^{sA_{2}}\Vert ds$
$\leq 8M’\Vert G_{1}\Vert(\Vert C_{1}\Vert+\Vert C_{2}\Vert)(1+\frac{a_{2}}{a_{1}})e^{-\kappa t}\int_{0}^{t}\{\lambda_{l+1}^{\gamma}+s^{-\gamma}\}e^{(\kappa-\lambda_{l+1}+a)s}1ds$
$\int_{0}^{t}\{\lambda_{l+1}^{\gamma}+s^{-\gamma}\}e^{(\kappa-\lambda_{l+1}+a_{1})s}ds$ .
$\int_{0}^{t}\{\lambda_{l+1}^{\gamma}+s^{-\gamma}\}e^{(a)\delta}\kappa-\lambda_{l+1}+1ds\leq\frac{\lambda_{l+1}^{\gamma}}{\lambda_{l+1}-a_{1}-\kappa}+\frac{\Gamma(1-\gamma)}{(\lambda_{l+1}-a_{1}-\kappa)^{1-\gamma}}$
$\Gamma(\cdot)$ . , .
$\Vert\Phi(t)\Vert\leq M’’e^{-\kappa t}$ , $t\geq 0$ (34)
$M”$
$M^{l/}=8M’ \Vert G_{1}\Vert(\Vert C_{1}\Vert+\Vert C_{2}\Vert)(1+\frac{a_{2}}{a_{1}})\{\frac{\lambda_{l+1}^{\gamma}}{\lambda_{l+1}-a_{1}-\kappa}+\frac{\Gamma(1-\gamma)}{(\lambda_{l+1}-a_{1}-\kappa)^{1-\gamma}}\}$
, $n$ .
, (24), (25) (34) , $\mathcal{A}$ $C_{0}$- $e^{tA}$
.




$\mathcal{A}+\Delta \mathcal{A}$ $C_{0}$- $e^{t(A+\Delta A)}$ ,
(eg. [13, Theorem 3.4.1], [8, Theorem 3.1.1], [5, Theorem 32.1]) ,
.
$\Vert e^{t(A+\Delta A)}\Vert_{\mathcal{L}(Z)}\leq\overline{M}e^{-\sigma t}$ , $t\geq 0$ (36)
$\sigma:=\kappa-\overline{M}\Vert\Delta \mathcal{A}\Vert_{\mathcal{L}(Z)}$
, $narrow\infty$ $\Vert B_{1,3}\Vertarrow 0$ , $\Vert F_{1}\Vert$ $n$
$\Vert\Delta \mathcal{A}\Vert_{\mathcal{L}(Z)}\leq 2\Vert\overline{B}_{3}\Vert\Vert F_{1}\Vert\leq 2\Vert B_{1,3}\Vert\Vert F_{1}\Vertarrow 0$ as $narrow\infty$
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. , $n_{1}$
$\sigma=\kappa-\overline{M}\Vert\Delta \mathcal{A}\Vert_{\mathcal{L}(Z)}>0$ , $\forall n\geq n_{1}$ (37)
. , $n$ $n\geq n_{1}$ , $C_{0}$- $e^{t(A+\Delta A)}$
. , $C_{0}$- growth bound $-\sigma$ $narrow\infty$ $-\kappa$
32 Gronwall [10, Lemma4.1] , $\Vert\cdot\Vert_{Z}$
.
4
(1), (2) $a_{1}=1,$ $a_{2}=0.7,$ $\alpha=10,$ $c_{1}(x)=c_{2}(x)= \frac{1}{\epsilon}1_{[1-\epsilon_{2}1]}(x)(\epsilon=0.05)$
. , $1_{[1-\epsilon_{1}1]}(x)$ $[1-\epsilon, 1]$ 1, $0$ .
, (7) $\epsilon=0.1$ .
$\kappa=5$ , $l(l\geq 0)$ $l=1$ . $l=1$ ,
$-\lambda_{l+1}+a_{1}<-\kappa$ . , (14)
, $(\overline{A}_{1}, \overline{B}_{1})$ , $(\tilde{C}_{1},\overline{A}_{1})$ ( , (14)
3.1 ) . , $\overline{A}_{1}-\overline{B}_{1}F_{1}$ $\{-5, -6, -7, -8\}$
$F_{1}$ , $\overline{A}_{1}-G_{1}\tilde{C}_{1}$ $\{-12, -13, -14, -15\}$
$G_{1}$ . MATLAB Control System Toolbox
, $F_{1},$ $G_{1}$ .
$F_{1}=10^{3}\cross[0.0002$ $-0.2158$ $0$ 0006 36343 $]$ , $G_{1}=\{\begin{array}{ll}1.3693 0.09680.0377 -0.00140.2875 1.6955-0.0039 0.0334\end{array}\}$
$n(>l=1)$ , $n$
(16), (17) (1), (2) . ,
$n$ , $n\geq 9$ . Fig. 1
$n=15$ . , RMF (16)
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Fig. 1. The case with RMF (16) $n=15$
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